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.1  (Laser Doppler Vibrometer) 

.1  (Sensor unit) 

 Graphtec 

 Sensor unit AT0042 

 190-1000 

 2 

 632.8 

 1 

 200  25 

 400  55 

.1
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.2  (Demodulation unit) 

 Graphtec 

 Demodulation unit AT3500 

 10 / / (x10)  0-1.3 

 10-1 / / (x1)  0-1.3 

 10-2 / / (x0.1)  0-300 

 -36 

 50 

  ±2

 ± 4 

.2
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 LDV 

 (Doppler shift) 

 (Analog) 

 0.5  10 

 +/- 3 .2

      
.3

 LDV 

  1.

  2.

  3.

  4.  (25  55 )

  5.

  6.

 4  (Standard) 

 (Scanning)  (In-plane)  (Rotational) 

.2 -

 (He-Ne) = 0.6328 

m
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/2

    

V
FD

2

V

.2  (Dynamic Signal Analyzer)

.3

 Hewlett Packard 

 HP 35670A 

 51.2   2 

 90 

 ± 0.15  

 100, 200, 400  800 

.4
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.3  (Impulse Hammer) 

.5

.6

.6 ( ) , ( )

, ( )



74

.4

.7

.5  (Analysis Software) 

.4

 Hewlett Packard 

 HP 35639A 

 SDF/DAT File 
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 (Magnitude)  (Imaginary) 

.1

.1

 1-1 

 4-1 

 7-1 

 1-22 

 4-22 

 7-22 

 1-37 

 4-37 

 7-37 
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50

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:806  Hz Y:4.107659  
X:665  Hz Y:5.146057  
X:443  Hz Y:6.647929  
X:273  Hz Y:11.22378  
X:221  Hz Y:9.70128  
X:142  Hz Y:14.37449  

.2  1-1 

24

-36

Imaginary

 kHz1.7100  Hz

Freq Resp 2:1
X:806  Hz Y:1.219756  
X:665  Hz Y:373.1184 m
X:443  Hz Y:6.403226  
X:273  Hz Y:7.784004  
X:221  Hz Y:2.106675  
X:142  Hz Y:8.244638  

.3  1-1 
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50

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:974  Hz Y:17.72778  
X:847  Hz Y:5.230468  
X:449  Hz Y:4.389046  
X:271  Hz Y:7.974923  
X:221  Hz Y:7.912459  
X:148  Hz Y:14.40142  

.4  1-22 

42

-18

Imaginary

 kHz1.7100  Hz

Freq Resp 2:1
X:974  Hz Y:17.70868  
X:847  Hz Y:-214.7453 m
X:449  Hz Y:-2.961836  
X:271  Hz Y:5.16336  
X:221  Hz Y:3.168514  
X:148  Hz Y:535.4215 m

.5  1-22 
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50

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:646  Hz Y:5.065552  
X:424  Hz Y:5.121574  
X:275  Hz Y:11.0763  
X:174  Hz Y:8.666148  
X:136  Hz Y:13.32557  

.6  1-37 

25

-25

Imaginary

 kHz1.7100  Hz

Freq Resp 2:1
X:646  Hz Y:1.9834  
X:424  Hz Y:3.38259  
X:275  Hz Y:5.926639  
X:174  Hz Y:-8.325775  
X:136  Hz Y:6.875725  

.7  1-37 
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300

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:985  Hz Y:90.63132  
X:935  Hz Y:70.18281  
X:641  Hz Y:22.85465  
X:442  Hz Y:57.19596  
X:273  Hz Y:71.89065  
X:148  Hz Y:79.57529  

.8  4-1 

120

-180

Imaginary

 kHz1.7100  Hz

Freq Resp 2:1
X:985  Hz Y:-90.62063  
X:935  Hz Y:-53.20098  
X:641  Hz Y:15.44633  
X:442  Hz Y:51.41448  
X:273  Hz Y:36.49862  
X:148  Hz Y:79.57472  

.9  4-1 
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300

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:843  Hz Y:21.13161  
X:439  Hz Y:18.18254  
X:275  Hz Y:28.72554  
X:168  Hz Y:57.03822  

.10  4-22 

210

-90

Imaginary

 kHz1.7100  Hz

Freq Resp 2:1
X:843  Hz Y:-11.58496  
X:439  Hz Y:-15.0367  
X:275  Hz Y:20.65348  
X:168  Hz Y:22.2318  

.11  4-22 
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300

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:1.106 kHz Y:136.3809  
X:945  Hz Y:108.282  
X:641  Hz Y:28.64734  
X:442  Hz Y:46.61861  
X:274  Hz Y:54.0662  
X:146  Hz Y:70.03865  

.12  4-37 

150

-150

Imaginary

 kHz1.7100  Hz

Freq Resp 2:1
X:1.106 kHz Y:-101.4886  
X:945  Hz Y:-55.5298  
X:641  Hz Y:16.46981  
X:442  Hz Y:37.38723  
X:274  Hz Y:35.97583  
X:146  Hz Y:70.01882  

.13  4-37 
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400

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:839  Hz Y:65.96346  
X:645  Hz Y:65.2782  
X:443  Hz Y:217.6162  
X:275  Hz Y:218.214  
X:150  Hz Y:209.1956  

.14  7-1 

240

-360

Imaginary

 kHz1.7100  Hz

Freq Resp 2:1
X:839  Hz Y:-65.82042  
X:645  Hz Y:24.28385  
X:443  Hz Y:178.6298  
X:275  Hz Y:146.2059  
X:150  Hz Y:196.7404  

.15  7-1 
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300

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:1.121 kHz Y:188.4537  
X:901  Hz Y:119.2334  
X:641  Hz Y:63.15161  
X:439  Hz Y:91.6284  
X:274  Hz Y:89.16756  
X:170  Hz Y:190.3136  

.16  7-22 

200

-200

Imaginary

 kHz1.7100  Hz

Freq Resp 2:1
X:1.121 kHz Y:-18.98102  
X:901  Hz Y:82.38396  
X:641  Hz Y:-46.29357  
X:439  Hz Y:-73.5863  
X:274  Hz Y:74.61613  
X:170  Hz Y:99.11451  

.17  7-22 
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300

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:843  Hz Y:172.4064  
X:645  Hz Y:87.00332  
X:442  Hz Y:210.3566  
X:274  Hz Y:214.4137  
X:146  Hz Y:195.491  

.18  7-37 

300

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:843  Hz Y:172.4064  
X:645  Hz Y:87.00332  
X:442  Hz Y:210.3566  
X:274  Hz Y:214.4137  
X:146  Hz Y:195.491  

.19  7-37 
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.2

.20

200

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:934  Hz Y:61.52494  
X:548  Hz Y:12.70548  
X:334  Hz Y:44.21119  
X:198  Hz Y:28.49305  
X:134  Hz Y:46.21334  

.21  3-1 

180

-120

Imaginary

 kHz1.7100  Hz

Freq Resp 2:1
X:934  Hz Y:-35.06248  
X:548  Hz Y:-5.352623  
X:334  Hz Y:-39.39276  
X:198  Hz Y:-5.639291  
X:134  Hz Y:46.04149  

.22  3-1 

 3-1 

 6-1 

 8-1 

 3-20 

 6-20 

 8-20 

 3-36 

 6-36 

 8-36 
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200

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:981  Hz Y:76.6408  
X:538  Hz Y:13.69831  
X:332  Hz Y:23.61588  
X:156  Hz Y:34.36751  
X:130  Hz Y:22.54985  

.23  3-20 

120

-80

Imaginary

 kHz1.7100  Hz

Freq Resp 2:1
X:981  Hz Y:71.21166  
X:538  Hz Y:13.64962  
X:332  Hz Y:-23.52865  
X:156  Hz Y:-15.56049  
X:130  Hz Y:13.90503  

.24  3-20 
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200

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:806  Hz Y:22.09542  
X:541  Hz Y:33.07819  
X:338  Hz Y:22.33021  
X:140  Hz Y:41.61562  

.25  3-36 

120

-80

Imaginary

 kHz1.7100  Hz

Freq Resp 2:1
X:806  Hz Y:196.977 m
X:541  Hz Y:-30.53426  
X:338  Hz Y:-14.01575  
X:140  Hz Y:26.54426  

.26  3-36 
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300

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:808  Hz Y:90.97381  
X:545  Hz Y:62.17815  
X:334  Hz Y:184.2634  
X:195  Hz Y:92.45665  
X:136  Hz Y:170.0289  

.27  6-1 

200

-200

Imaginary

 kHz1.7100  Hz

Freq Resp 2:1
X:808  Hz Y:25.33408  
X:545  Hz Y:-35.79041  
X:334  Hz Y:-153.0059  
X:195  Hz Y:15.14032  
X:136  Hz Y:154.399  

.28  6-1 
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200

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:810  Hz Y:20.81565  
X:542  Hz Y:30.12358  
X:334  Hz Y:86.88582  
X:196  Hz Y:118.7553  
X:148  Hz Y:68.26291  

.29  6-20 

150

-150

Imaginary

 kHz1.7100  Hz

Freq Resp 2:1
X:810  Hz Y:11.00638  
X:542  Hz Y:25.42954  
X:334  Hz Y:-68.41622  
X:196  Hz Y:-1.032475  
X:148  Hz Y:-50.67842  

.30  6-20 
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200

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:932  Hz Y:53.33454  
X:808  Hz Y:116.7698  
X:542  Hz Y:148.5401  
X:332  Hz Y:119.3175  
X:138  Hz Y:173.4497  

.31  6-36 

200

-200

Imaginary

 kHz1.7100  Hz

Freq Resp 2:1
X:932  Hz Y:-25.63886  
X:808  Hz Y:-32.75093  
X:542  Hz Y:-124.8578  
X:332  Hz Y:-115.6855  
X:138  Hz Y:165.7123  

.32  6-36 
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400

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:808  Hz Y:226.7007  
X:544  Hz Y:145.3869  
X:335  Hz Y:301.0938  
X:197  Hz Y:177.1327  
X:137  Hz Y:300.6876  

.33  8-1 

300

-300

Imaginary

 kHz1.7100  Hz

Freq Resp 2:1
X:808  Hz Y:32.56852  
X:544  Hz Y:-95.44588  
X:335  Hz Y:-226.3512  
X:197  Hz Y:34.28455  
X:137  Hz Y:252.4849  

.34  8-1 
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400

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:806  Hz Y:52.43077  
X:542  Hz Y:55.43457  
X:332  Hz Y:135.4509  
X:196  Hz Y:177.3325  
X:148  Hz Y:131.7117  

.35  8-20 

150

-350

Imaginary

 kHz1.7100  Hz

Freq Resp 2:1
X:806  Hz Y:17.86727  
X:542  Hz Y:47.89137  
X:332  Hz Y:-120.0112  
X:196  Hz Y:-32.6056  
X:148  Hz Y:-122.2917  

.36  8-20 
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400

0

Magnitude

 kHz1.7100  Hz

Freq Resp 2:1
X:932  Hz Y:121.6569  
X:810  Hz Y:244.9356  
X:544  Hz Y:274.4524  
X:332  Hz Y:214.1472  
X:138  Hz Y:280.8419  

.37  8-36 

300

-300

Imaginary

 kHz1.7100  Hz

Freq Resp 2:1
X:932  Hz Y:105.4494  
X:810  Hz Y:-119.0933  
X:544  Hz Y:-226.1733  
X:332  Hz Y:-201.8589  
X:138  Hz Y:279.8712  

.38  8-36 
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.1
-

b a
(Differential Equation) 

04 whwD         ( .1)

trWtrw sin),(),,(

 ( .1)

0))((

0))((

0

2222

22

24

W

W
D

h
WW

D

h
W

W
D

h
W

    ( .2)

D

h2

2

2

22

2
2 11

rrrr
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 ( .2)  (Bessel equation) 

nrKDrICrYBrJA

nrKDrICrYBrJArW

nnnnnnnn

nnnnnnnn

cos)]()()()([

sin)]()()()([),(

2222

1111 ( .3)

 ( .3)

n

n

n

n

n

n

n

n
n c

D

c

C

c

B

c

A
n 1111)cos(    ( .4)

n

n

n

n

n

n

n

n
n c

D

c

C

c

B

c

A
n 2222)sin(    ( .5)

 ( .4)  ( .5)  ( .3)

)cos()]()()()([),( nnnnnn nrKrYrIrJcrW  ( .6)

 ( .4)  ( .5)

k

n
nn rWcrW

1

),(),(        ( .5)

Wn n  ( .6)

 (Bessel Function) 

 (Bessel function of first kind) )( rJn ,

(Modified Bessel function of first kind) )( rI n ,  (Bessel function of 

second kind) )( rYn (Modified Bessel function of second 

kind) )( rK n

)cos()]()()()([),( nrKrYrIrJrW nnnnn   ( .6)
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.1

.1

 1  (3.19 )

h

D

a 2101

873.6
2

3

112

Eh
D

h

Eh

a

)1(12873.6 2

3

2101       ( .1)

E=2.137x1011 Pa 

h=0.0020 m

=0.3

=6945 kg/m3

a=0.1460 m 



100

 ( .1)

)0020.0)(6945(
)3.01(12

)0020.0)(10137.2(

1460.0

873.6 2

311

2101     ( .2)

1=1082.6

2
f

7

22
2

6.1082
f   = 172.3 

 1  172 

.2

 1  (3.27 )

h

D

a 20,11

740.5

2

3

112

Eh
D

h

Eh

a

)1(12740.5 2

3

2101       ( .3)
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E=2.137x1011 Pa 

h=0.0020 m

=0.3

=6945 kg/m3

a=0.1460 m 

 ( .3)

)0020.0)(6945(
)3.01(12

)0020.0)(10137.2(

1460.0

740.5 2

311

2101     ( .4)

1 = 904.1 

2
f

7

22
2

1.904
f

      = 143.9 

 1 

 144 
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.3

.2  300  292 

 1  (3.27 )

h

D

a 20,11

740.5

2

3

112

Eh
D

 ( .3)

h

Eh

a

)1(12740.5 2

3

2101

E=2.137x1011 Pa 

h=0.0020 m

=0.3

=7695 kg/m3

a=0.1460 m 
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 ( .3)

)0020.0)(7695(
)3.01(12

)0020.0)(10137.2(

1460.0

740.5 2

311

2101     ( .5)

1=858.6

2
f

7

22
2

6.858
f

     =136.7 

 1  137 
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.4 -
 6 

(3.19)

(3.19) 6 .1

.1 6

(n,m)
( ) ( ) ( )

1(1,0) 144 172 19.4 

2(0,0) - 174 - 

3(2,0) 196 207 5.6 

4(3,0) 332 337 1.5 

5(4,0) 540 555 2.8 

6(5,0) 808 841 4.1 

0.19 (3.27) .2

.2 6

(n,m)
( ) ( ) ( )

1(1,0) 144 144 0 

2(0,0) - 148 - 

3(2,0) 196 186 5.1 

4(3,0) 332 328 1.2 

5(4,0) 540 552 2.2 

6(5,0) 808 841 4.1 
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.5 -

292

213 (3.27) .3

.3 6

(n,m)
( ) ( ) ( )

1(1,0) 136 137 0.7 

2(0,0) - 140 - 

3(2,0) 172 176 2.3 

4(3,0) 276 311 12.7 

5(4,0) 444 525 18.2 

6(5,0) 644 799 24.1 



-
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-

Analog

Bessel equation 

Bessel function 

Deformation 

Differential equation 

Dynamic signal analyzer 

Eigen extraction 

Eigenvalue

Elastically clamp boundary 

Element

Equilibrium state 

Frequency equation 

Frequency coefficients 

Flexural rigidity 

Global equation 

Harmonic vibrations 

Homogeneous

Imaginary

Impulse hammer 

In-plane  

Isotropic material 

Kinetic energy 
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Lanczos

Linear elastic 

Local equation 

Magnitude

Mesh  

Mode shape 

Middle plane 

Nodal circles 

Nodal diameters 

Node  

Poisson’s ratio 

Post-processing 

Potential Energy 

Pre-processing

Processing 

Rayleigh-Ritz -

Rayleigh-Ritz method -

Rayleigh’s Quotient 

Resonance

Rotational

Scanning

Standard  

Stress

Strain  

Wave propagation 
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  23  2522 

 2537  

 2540 

 2544 


